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[57] ABSTRACT

A method and apparatus for reducing the amount of
video information which is transmitted to a receiver,
while still enabling the receiver to reconstruct a repre-
sentation of the original video source material. In a
preferred embodiment, a 60 frames per second progres-
sively scanned video signal is transmitted at a 30 frames
per second rate accompanied by decoding information.
In short, every other frame is deleted and a respective
nearest neighbor is selected to represent the deleted
frame. This selection is represented by a digital selec-
tion information. Thus the transmitted frame informa-
tion can be reconstructed into the original video source
material after decoding with the digital selection infor-
mation.

18 Claims, 4 Drawing Sheets

14

CODER
CIRCUIT

RECONSTRUCTION
CIRCUIT



U.S. Patent Dec. 10, 1991 Sheet 1 of 4 5,072,296

TRANSMITTER 10
R 14

' “FRAME REDUCTION/
VIDEO

PROCESSOR/

TRANSMITTER
CIRCUIT

CODER CIRCUIT

FIGURE 1A

RECEIVER 20

22
% 24 c6 o8

- | DECODER/FRAME
F‘CE,‘;E'L‘,’EH | RECONSTRUCTION DISPLAY
CIRCUIT

FIGURE 18



U.S. Patent Dec. 10, 1991 Sheet 2 of 4 5,072,296

FIGURE 2A
EXAMPLE

TRANSMITTER

VDEOFRAMENUMBER 1 2 3 4 S5 6 7 8 9

TRANSMITTED FRAME L 3 5 7 9

L R L L

 TRANSMITTED NEIGHBOR (CLOSER (RIGHT) (LEFT) (LEFT)
INFORMATION TO LEFT)

FIGURE 2B
RECEIVER
RECEIVED VIDEO FRAME 1 3 5 7 9 4 ¢ 4 e

RECEIVED NEIGHBOR L R L L e o o
INFORMATION

DISPLAYED VIDEO T 1 3 5 85 5 7 7 9 4 o o o



U.S. Patent Dec. 10, 1991

FIGURE 3A
EXAMPLE FOR FILM SOURCE
TRANSMITTER

VIDEO FRAME NUMBER
CORRESPONDING FILM FRAME

TRANSMITTED FRAME

TRANSMITTED NEIGHBOR
INFORMATION

FIGURE 3B
RECEIVER

RECEIVED VIDEO FRAME
CORRESPONDING FILM FRAME

RECEIVED NEIGHBOR
INFORMATION

DISPLAYED VIDEO
CORRESPONDING FILM FRAME

Sheet 3 of 4 5,072,296

5.6 7 8 9 ..

i1 2 3 4
F1{ F1 F2 F2 F2 F3 F3 F4 F4 .

o F2 F2 F3 F4 ..
L L R R

) 3 5 7 9

1 F2 F2 F3 F4 . .

F1 F1 F2 F2 F2 F3 F3 F4 F4 | .



U.S. Patent Dec. 10, 1991 Sheet 4 of 4 5,072,296

FRAME
SOURCE VIDEO SELECTOR CODER - 36
CIRCUIT CIRCUIT
34
COMPARATOR 38
CIRCUIT
32
FIGURE 4A
26

- ~ | RECONSTRUCTION
DECODER
VIDEO CRCUT CIRCUIT
NEAREST
NEIGHBOR
DIGITAL
INFORMATION

) FIGURE 4B



5,072,296

1

VIDEO FRAME
REDUCTION/RECONSTRUCTION METHOD AND
APPARATUS

BACKGROUND OF THE INVENTION

The present invention relates to reduction of informa-
tion in transmission signals for advanced video systems.

The video source material used in various proposed
advanced television systems is video progressively
scanned at a rate of 60 frames per second. Transmission
of this video material therefore requires a large band-
width so as to accommodate transmission of a substan-
tial amount of video information.

SUMMARY OF THE INVENTION

The present invention provides method and appara-
tus for reducing the amount of video information which
1s transmitted to a receiver, while still enabling the
- receiver to reconstruct a representation of the original
video source material. In a preferred embodiment,
every other frame is deleted and a respective nearest
neighbor is selected to represent the deleted frame. This
selection is represented by digital selection information.
Thus the undeleted frame information can be employed
to represent the original video source material after
decoding with the digital selection information.

More particularly, an aspect of the invention includes
reducing the information required to represent a multi-
plicity of sequential frames of video source material
having a frame rate of N frames per second, by selecting
a subset of the multiplicity of frames, selecting a given
frame not in the subset and for the given frame making
a determination of which frames of the subset are its
respective leading and trailing neighbors and which of
these neighbors should be used to represent the given
frame, and representing this determination with selec-
tion information, whereby a representation of a portion
of the video source material may be generated with the
selection information and the subset. This representing
may include storing and/or transmitting over a commu-
nication channel the subset of frames and selection 1n-
formation. Preferably every other frame is in the subset
so that the multiplicity of frames 1s processed at a rate of
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N/2 frames per second. Making a determination may 45

include the step of determining the respective error
differences between the frame not in the subset and its
nearest neighbors in the subset and selecting the nearest
neighbor in the subset which satisfies a preferred crite-
rion. A nearest neighbor satisfying the preferred crite-
rion preferably includes being the nearest neighbor
having the lesser of the error differences. Preferably the
preferred criterion 1s preferential selection of the near-
est neighbor trailing or leading the given frame regard-
less of the relationship of the various error differences
unless the error difference attributed to the preferen-
tially selected nearest neighbor is greater by a preset
percentage than the difference associated with the non-
selected nearest neighbor. The respective error differ-
ences may be energy differences obtained by comparing
respective regions of the compared frames.

A preferred embodiment of the invention includes
reducing broadcast information by representing N
frames per second of video source material waith M
frames per second of the video source material, where
N>M, by capturing a segment of the video material
having a first, middle and third consecutive frame, de-
- termining the content difference between the first and
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middle and the middle and third frames, selecting either
the first or third frame to represent the middle trame
and representing this selection with selection informa-
tion, and maintaining as broadcast material the hrst and
third video frame and the selection information,
wherein maintaining may include transmitting the
broadcast material over a communication channel or
storing the broadcast material for later use, whereby a
representation of the captured segment of the video
material can be generated from the broadcast material.
Preferably, M=N/2; and/or N=60 and M =30.

Other features and advantages will become apparent
from the following detailed description when read in
connection with the accompanying drawings in which:

FIG. 1(a), (b) 1s a block diagram of a transmitter and
a receiver in practice of the present invention.

FIG. 2(a), (b) is a comparison of video frame number,
transmitted frame number, transmitted neighbor infor-
mation, at the transmitter, and received frame, received
neighbor information and displayed video, at the re-
celver.

FIG. 3(a), (b) 1s a comparison such as in FIG. 2(a),
(b), but as applied to corresponding film frames as
source material.

FIG. 4(a), (b) 1s a block diagram of a preferred em-
bodiment of the present invention at the transmitter and
then at the receiver.

As shown in FIG. 1(a), (b), transmitter 10 in practice
of the present invention includes a video source 12, a
frame reduction/coder unit 14, a signal processor/trans-
mitter unit 16, and antenna 18. Receiver 20 includes
antenna 22, receiver unit 24, decoder/{rame reconstruc-
tton unit 26, and display 28.

In practice of the invention, progressively scanned
video source material is supplied by video unit 12 to the
frame reduction unit at a rate such as 60 frames per
second. As shown in FIG. 2(q), 1n a preferred embodi-
ment of the invention the video frame material at the
transmitter is presented as a consecutive set of frames
1-9 . . . . The frame reduction/coder circuit 14 selects
every odd frame 1, 3, §, 7, 9 (or every even) as the
frames to be transmitted from the video frame material
and codes (represents efficiently) the frames to be trans-
mitted. (In a preferred embodiment, such coding 1n-
cludes transform or subband coding.) This method re-
duces the frame rate to be transmitted from 60 frames
per second to 30 frames per second, although other than
a 2:1 reduction 1s also within the scope of the present
invention.

In the preferred embodiment it is desired to be able to
reconstruct the 60 frame per second video at the re-
ceiver. Therefore, a comparison is made at the transmit-
ter of the deleted frame (for example, frame 2) with its
neighbors (for example, frames 1 and 3). The compari-
son 1s performed to determine to which neighbor the
deleted frame 1s closer in content. Based upon this com-
parison, the deleted frame will be considered to be
cioser to one of the neighboring frames (1 or 3). Now a
digital indicator bit 1s transmitted indicating this deter-
mination. In a preferred embodiment the neighbors
evaluated are nearest netghbors, such as the leading and
trailing frames 1 and 3.

As shown in the example of FIG. 2(a), the deleted
frame was determined to be closer in content to the first
video frame and therefore the digital nearest neighbor
information indicates L (for closer to the left frame).
The next deleted frame, frame 4, is shown in this exam-
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ple to have content closer to frame 5 on the right, and
therefore the digital neighbor information indicates R
(for closer to the right frame). Frames 6 and 8 are
shown indicated to be closer to their left nearest neigh-
bor, respectively. Now the transmitter 16 transmits both
the video information of frames 1. 3. 3, 7, 9 at a 30 frame
per second rate, reduced from the 60 frame per second
rate, and the additional digital information of one bit per
deleted frame as side information so as to indicate the
selected nearest neighbor.

Referring now to FIGS. 1(4) and 2(b), it will be seen
that at receiver 20 the signal is recetved by the receiver
circuit 24 and 1s decoded by the decoder/frame recon-
struction circuit 26. The decoder/frame reconstruction
circuit 26 also converts the 30 frame per second video
information for presentation at display 28 at a 60 frame
per second rate. More particularly, the transmitted
frames 1, 3, 5, 7. 9 are recetved and decoded at a 30
frame per second rate. The digital neighbor information
(L, R, L, L) is also obtained from the transmitted signal.
Now the reconstructed video may be generated for
presentation at the display at a 60 frame per second rate
(based upon the digital neighbor information). This
reconstructed video includes the consecutive frames 1,
1,3,5,5, 5, 7, 7, 9 as a representation of video frame
material 1, 2, 3, 4,5, 6,7, 8, 9. |

While the displayed reconstructed video may not be
an entirely accurate representation of the source video
material presented to the transmitter, 1t is a substantial
representation of the source video material, and i1t has
been broadcast at a substantially lower rate.

The present invention is particularly useful in the
transmission of video frame material derived from film
source. Conventional moving picture films are a com-
mon source of program matenal. For viewing these
films in theatres, 24 film frames are shown 1n one sec-
ond. It 1s therefore necessary to convert 24 frames per
second film to a video source rate of 60 frames per
second, such as by the known 3:2 pull-down method. In
this method, one film frame i1s converted to two video
frames by using the film frame twice and the next (sec-
ond) film frame is converted to three video frames by
using it three times. The next (third) film frame 1s con-
verted to two video frames, and the next (fourth) film
frame 1s converted to three video frames. The process
continues in this manner, creating 12 sets of 5 video
frames for every set of 24 film frames, thus converting
the film into the 60 frames per second rate.

FIG. 3 1s an example of video source material at a 60
frame per second rate which has been derived from a
film source and is converted to 30 frame per second rate
accompanied by digital neighbor information according
to the present invention. More particularly, as shown 1n
F1G. 3(a), at the transmitter, 60 frame per second video
frames 1, 2,3,4,5,6,7. 8 9are related to fiilm frames F1,
F1, F2, F2, F2, F3, F3, F4, F4, respectively. Now the
odd video frames which are selected for transmission
will correspond to film frames F1, F2, F2, F3, F4. In
this example, the deleted frames are shown to be related
to the nearest neighbors by the nearest neighbor digital
information L, L, R, R, respectively, in the manner
earlier described. (It will be observed that film frame
F3. is indicated to have been received in video frame
number 7. It 1s nevertheless being displayed in video
frame number 6. Clearly, this is possible in a system
which has adequate storage capability for receipt, pro-
cessing and storage of the received transmission mate-
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rial, which is consistent with practice of the present
invention.)

Now this information (30 frames per second and the
digital nearest neighbor information) is transmitted to
the receiver. As shown in FIG. 3(b) the reconstructed
recetved video frame material 1s from frames 1, 3, 3, 7,
and 9. This material corresponds to film frames F1, F2,
F2, F3, F4, respectively, and 1s accompanied by digital
neighbor information L, L, R, R, the latter representing
deleted video frames 2, 4, 6,.and 8, respectively.

Now the displayed video is reconstructed as follows:
In video frame number 1, the received film frame F1 1s
displayed. In video frame number 2, according to the
digital neighbor information bit, the left hand frame 1s
repeated which in this case repeats film frame F1. In
video frame number 3, film frame F2 1s recetved and
displayed. In video frame number 4, the digital neigh-
bor information bit dictates a repeat of film frame F2. In
video frame number 5, received film frame F2 is dis-
played. In video frame number 6, the neighbor informa-
tion dictates that film frame F3 be displayed. In video
frame number 7, the received film frame F3 1s displayed.
In video frame number 8, according to the digital neigh-
bor information, film frame F4 is displayed, and in film
frame number 9 the received film frame F4 is displayed.
Now the video signal transmitted at a 30 frames per
second rate has been converted to a 60 frames per sec-
ond display rate. It is noted that the film frames dis-
played originated from the same film frames used for
transmission. |

In order to make a determination as to whether to
represent a deleted frame with any particular neighbor-
ing frame or frames according to the transmitted digital
neighboring information, some comparison between the
frame being deleted and its neighbors must be made.
The digital bit information indicates the neighbor to
which the deleted frame is closer. Preferably, closeness
to the neighbor i1s determined based upon comparing
the energy of the difference of two frames. Hence, the
frame to be deleted is first compared to the left frame
(for example) and the energy of the error between the
two frames 1s noted. Now the frame to be deleted and
the right frame are compared and the energy of the
error between the two frames i1s noted. These error
energies are now compared. A selection 1s now made of
the nearest neighbor frame which is closest to the frame
being deleted and the neighbor information bit indicates
this determination by indicating the left or right nearest
neighbor.

In the process of deciding neighborhood information,
it may be preferable to give a biased preference to par-
ticular neighbor selection criteria. For example, either
the left or right nearest neighbor can be given special
preference. Therefore, where preference 1s given to for
example the left, the left neighbor 1s always chosen
except when the right 1s very much similar to the de-
leted frame under consideration. This will result in
smoother motion at the display, since a continuous vari-
ation between left and right neighbors can create some
appearance of jerky motion in a scene having motion.
Therefore, the preferred neighbor, whether left or
right, 1s always selected by the system unless the other
neighbor 1s very much closer in content to the frame
being deleted. This preference reduces the jerkiness
artifact.

The term very much closer may be defined according
to engineering tradeoffs between reduction of jerky
motion and accuracy in representation of a deleted
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frame. In a preferred embodiment, a left (or right)
neighbor is selected always unless the error difference
attributed to the left (or right) neighbor 1s greater by a
preset percentage than the error difference associated
with the right (or left) neighbor.
The comparison between frames may be done on a
pixel-by-pixel basis, where energy differences are noted
and then all differences are summed per frame to enable
a frame-to-frame comparison. In a preferred embodi-
ment of the invention, the error energy 1s obtained by a
simple mean squared error method. In such a method,
the difference between the two compared signals is
squared and summed over the number of picture ele-
ments in the compared video frames. This resuits in a
mean squared error between the two compared signals.
This process is performed to obtain the left and right
error energies. The error energtes are then compared as
discussed above.
A preferred embodiment of the invention 1s shown in
the block diagram of FIG. 4. In FIG. 4(a), at transmitter
10, frame reduction/coder circuit 14 is shown having a
frame selector circuit 30 that receives the 60 frames per
second video source material and selects every other
frame. The frames selected are coded (represented effi-
ciently) by a coder circuit 34 (such as via transform or
subband analysis). The comparison processing circutt
32 receives the selected frames and the frames to be
discarded, and for each frame to be deleted performs
the error energy comparison of neighbors and deter-
mines the nearest neighbor that will represent the frame
to be deleted. A frame output 36 from coder circuit 34
of the frame reduction/coder circuit 14 represents the
coded odd (or even) number video frames to be trans-
mitted. A second output 38 from the comparison pro-
cessing circuit 32 of frame reduction/coder circuit 14 is
the digital nearest neighbor information signal also to be
transmitted. These outputs are applied to the proces-
sor/transmitter unit as described earlier.
In FIG. 4(b), at receiver 20, the received video
frames are decoded by decoder circuit 40 of decoder/-
frame reconstruction circuit 26. The reconstruction
circuit 44 receives the decoded video frames. The digi-
tal information signal is obtained in receiver circuit 24
and is likewise applied to the reconstruction circuit 44.
The reconstruction circuit 44 now reconstructs the 60
frames per second video rate material by reconstructing
the deleted video frames from the decoded video frames
according to the digital bit information.
Other embodiments are within the following claims.
What 1s claimed 1s:
1. A method of reducing the information required to
represent a multiplicity of sequential frames of video
source material having a frame rate of N frames per
second, comprising the steps of
selecting a subset of the multiplicity of frames,
selecting a given frame not in the subset and for the
given frame making a determination of which
frames of the subset are its respective leading and
trailing neighbors and which of these nc..-ibors
should be used to represent the given framc. and

representing this determination with selection infor-
mation, whereby a representation of a portion of
the video source material may be generated with
the selection information and the subset.

2. The method of claim 1 wherein the representing
comprises transmitting the subset of frames and selec-
tion information over a communication channel.
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3. The method of claim 1 wherein every other frame
is in the subset so that the multiplicity of frames 1s pro-
cessed at a rate of N/2 frames per second.

4. The method of claim 1 wherein the step of deter-
mining which neighbors should be used to represent a
given frame includes determining the differences be-
tween the frame not in the subset and the neighbors and
selecting the neighbor that satisfies a criterion.

5. The method of claim 4 wherein the nearest neigh-
bor trailing the frame not in the subset is selected unless
the difference attributed to the trailing neighbor 1s
greater by a preset percentage than the difference at-
tributed to the other neighbor.

6. The method of claim 4 wherein the nearest neigh-
bor leading the frame not in the subset is selected uniess
the difference attributed to the leading neighbor is
greater by a preset percentage than the difference at-
tributed to the other neighbor.

7. The method of claim 4 wherein the differences are
energy differences.

8. A method of reducing broadcast information by
representing video source material having a frame rate
of N frames per second with video source material
having a frame rate of M frames per second, where
N > M, comprising the steps of

capturing a segment of the N frames per second video
source material having a first, middle and third
consecutive frame,

determining the content difference between the first
and middle and the middle and third frames,

selecting either the first or third frame to represent
the middle frame and representing this selection
with selection information, and

maintaining as broadcast material the first and third
video frame and the selection information,
whereby a representation of the captured segment
of the video material can be generated from the
broadcast material.

9. The method of claim 8 wherein maintaining as
broadcast material includes transmitting the broadcast
material over a communication channel.

10. The method of claim 8 wherein the content difter-
ences are energy differences.

11. The method of claim 10 wherein M=N/2.

12. The method of claim 11 wherein N=60 and
M =30.

13. The method of claim 8 wherein determining the
content difference comprises the step of determining
the differences between the middle frame and the first
and third frames.

14. The method of claim 13 wherein the third frame 1s
selected unless the difference attributed to the third
frame is greater by a preset percentage than the differ-
ence attributed to the first frame.

15. The method of claim 13 wherein the first frame is
selected unless the difference attributed to the first
frame is greater by a preset percentage than the differ-
ence attributed to the third frame.

16. An apparatus for reducing the information re-
quired to represent a multiplicity of sequential frames of
video source material having a frame rate of N frames
per second, comprising

a circuit for selecting a subset of the muitiphcity of
frames,

a circuit for selecting a given frame not in the subset
and for the given frame making a determination
which frames of the subset are its respective lead-
ing and trailing neighbors and which of these
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neighbors should be used to represent the given
frame, and

a circuilt for representing this determination with
selection information, whereby a representation of
a portion of the video source material may be gen- 35
erated with the selection information and the sub-

set.
17. The apparatus of claim 16 wherein the circuit for
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representing comprises a circuit for transmitting the
subset of frames and selection information over a com-
munication channel.

18. The apparatus of claim 16 wherein every other
frame 1s in the subset so that the multiplicity of frames 1s

processed at a rate of N/2 frames per second.
E * x * x
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